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COMPLETE SPECIFICATION 
Improvements in or relating to Aerials 



We, Electric & Musical Industries 
Limited, a British company, of Blyth Road, 
Hayes, Middlesex, do hereby declare the 
invention, for which we piay that a patent may 
S be granted to us, and the method by which it 
is to be performed, to be particularly described 
in and by the following statement: — 

This invention relates to aerials and it 
relates in particular to helical aerials, which 
10 are specially suitable for the radiation or recep- 
tion of microwave electro-magnetic energy. 

It has previously been proposed to provide 
an aerial for radiating or receiving microwave 
energy comprising a conductor wound in the 
13 form of a helix and associated with a flat 
ground plane. With a helix of given dimensions 
the mode of operation and the radiation 
pattern vary with frequency and several dis- 
tinct modes of operation of the helical aerial 
20 are possible. The helical aerial has the advant- 
age of being able to radiate or receive energy 
in a wide Mid of frequencies, and moreover it 
is of simple construction. However, a problem 
encountered in the construction of helical 
25 aerials is that of providing a support for the 
helix in order to secure its mechanical rigidity 
under conditions of vibration. The helical 
aerial can be supported in a dielectric frame- 
work with little or no effect upon die radiation 
30 pattern provided the frequency is low, because 
the supports may be made much smaller than 
the operating wavelength. However, the appli- 
cants have discovered that when the aerial has 
to operate at microwave frequencies, a support- 
33 ing device necessarily has dimensions which 
are not negligible when compared with the 
operating wavelength and deterioration of the 
radiation pattern occurs. 
An object of the present invention is to 
40 reduce the difficulties aforesaid. 

According to one aspect of the present 
invention there is provided a helical aerial in 
which a helical conductor is enclosed in dielec- 
tric material whose cross-sectional dimensions 
45 are so chosen that for energy of a predeter- 
mined frequency, the phase velocity of pro- 
pagation in said material in the direction of the 
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axis of said helix approximates to the velocity 
of a plane wave in an unbounded medium of 
said material, and the helical conductor is di- 50 
mehsioned (taking into account the dielectric 
material} for the propagation or reception of a 
circularly polarised wave of said frequency 
directed along said axis. 

In certain applications of helical aerials, the 55 
disadvantage is encountered that the amplitude 
of side lobes in the radiation pattern is exces- 
sive, and with a view to reducing the ampli- 
tude of side lobes, a structure is preferably 
provided to form a ground plane disposed 60 
about said conductor and of conical shape or 
other shape diverging towards the outer end 
of said conductor. 

Preferably, the ground plane is conical and 
has a total included angle of approximately 65 
90°, is coaxial with the longitudinal axis of 
the aerial and has an^aperture of approximately 
A or greater where A is the free space wave- 
length of the centre frequency to be radiated 
or received. However the sides of the ground 70 
plane need not be straight either locally or 
along their full length. 

In order that the invention may be clearly 
understood and readily carried into effect, the 
invention will be described with reference to 75 
the accompanying drawings, in which: — 

Figure 1 illustrates a form of a helical aerial 
in accordance with the present invention, and 

Figure 2 illustrates diagrammatically a modi- 
fication of Figure 1 designed for operation at 80 
higher frequencies than the aerial of Figure 1. 

Referring to the drawing, Figure 1 shows a 
helical aerial designed to radiate in the first 
axial mode in a frequency band centred at, 
say, 4000 Mc/s. The aerial comprises a metal 85 
helix 1 which has for example four turns and 
is clockwise wound looking from the free end 
of the helix. The right-hand end of the helix, 
as shown in die drawing, is connected to the 
inner conductor 2 of a coaxial feeder for the 90 
energy to be radiated or received by the aerial 
The outer conductor of the coaxial feeder, a 
fragment of which is shown at 3 in the draw- 
ing, is connected to a metal cone 4 which is 
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coaxial with the helix 1 and serves as the 
f**nd p ane of the aerial. Tnc S2al fceie? 
wfx T^^if 1 35 or on the axisofS 
SJ 11 , ^ 10 ""P? 0 " the helix to ensure 
"gritty under conditions of vibration, to 
5^?« *oofly enclosed in a cylindrxcalaleeve 
5of a dielectric material, which is pohtheM fa 

of the same dielectric material is insert into 
4e«tenor of the helix. This WTshSS 

rS? £ Jested « f eaployfag a mount fa 
the form of the sleeve 5 and core <L th7hd£ 
1 mav be m*>~*A~A i ^ ™F C€a s 


i f«»«m v .TV 6 J 8110 core 6, the helix 
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- — — mount navmg external di- 

» secured to the cone 4, and 
J^to the aerial support, in any suitable 

m^j^ 1 m FS P ur * 1 * intended for 
gWtmg radiation mainly along the axis of 

ftoof the helix being enclosed in dielectric 
material tends however to cause 
25 teke up 8Mne of the charaaSoof a^dSeS 
2^ afrial, as a result of 4e dleSc 
material acting as a guide for the electrical 
«*ftwii along its length. The imase vdodrv 

30 tEy***"* ^ * e didectrHod 22 
30 ratio of power fQ ^^j^™ 

S f ±^? {^ C ? ons , of ™« diameter orAemZt 
^ned^ the sleeve 5 and the core £*e 
^f^^*e "diation, and trTdieW 

J-J^S" The diameter of the mount is 

8K£2f aw ? 1 - r J ""y «* ^own Sat, on 

IE? mount . in ^ direction of the aSstf 
the nekx approximates to the velocity of a 
Pfenewave in an unbounded medium of the 
SS 1 ™ d ^j^tion of the radiadon 
S^L C S wd ^ th *« which could be 

rtwiy small ft is of course necessary to 
adhut the dunenripns of the hefacmmLed 
*ose of a helix fa free space designate 

30 fluency band. For example a helix operat- 
ing in free space and working fa the aforesaid 
frequency band centred at 4000 Mc/s, may 
have a pitch of about 0.72 inches and anexter- 
SS ^ W f teT ^ f V* 3 whereas for the 

55 hdixradosedmthediekcmcmountS^the 
dnnemions are reduced in the ratio of s/k~- 1 

W^ ??^ , ^ requ f TCS *« * e Pitch of the 
hehx be reduced to about 0.48 inches and its 
diameter to about 0.62 inches. When the 
helix .dimensions are of this order, the aerial 
was found to have a radiation pattern similar 
to that of a hehx of the aforesaid larger dimen- 
aions and mounted in free apace. Direction 
of rotation of the electrical vector of the pro- 
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paga ted wave depends on whether the hd» 

• 0 ? e 4 has an angle of 90° and an an* 
g l a i° ut A where A i, the wSSe^Sfa 
J*! 8 Pa« at the aforesaid centre frequenc? 
In a practical case the dimensions of tihem^ 
may> detennined m olSfaS 

m radiation pattern. In the 
f^^the^perture is ap^xE, 
™ m 3%- The ground plane need nothS 
ever be of exact conical form, and other shan* 

J&teiJl I18lrate * form of the I 

"^accordance with Ae present faventio* 
Tg^J*. °P***™ in the X band, math 
at frequencies of the order of 10000 Mc/st 
The aerial is essentially of the sameW5£ 
SSs^aS^iL? 8 ?* 1 and^xeScSfag C 

U^**™** 0 ?- The helix has abou 
44 turns and is clockwise wound. Thcdk- SD 
meter of the helix is about 0.29 inched S 

STtiSfffi ^cfcS'ssrf 
me wire of the helix about 0 04 Inch** *rul 

S in^iS^ has a thickness of 0} 
cone >'« i a i • apcrtnre diameter of the 

"J— ?«e#S 7 '' 

apS m^[^ ^ ^ ^hed as 

accordance ^ higher aeriab in 
nsedfi^SLTi the invention may also be 
used for the transmission and reception of tele- 
vision and soundprogrammes at high frequent 
%ZL t JZ ^ ™* *e aeriZhave^c 115 
of^^ ^ baod which may be 
2*S ^ derof 25 per cent or more of the 

SSSKL? * ft ^ md me «ain^ 
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phase velocity of propagation in said material 
In the direction of die axis of said helix 
approximates to the velocity of a plane wave 
in an unbounded medium of said material, and 
5 the helical conductor is dimensioned (taking 
into account the dielectric material) for the pro- 
pagation or reception of a circularly polarised 
wave of said frequency directed along said 
axis. 

10 2. A helical aerial according to Claim 1, 
comprising a structure arranged to form a 
ground plane disposed about said conductor 
and of conical shape, or other shape diverging 
towards the outer end of said conductor. 


3. An aerial according to Claim 2, wherein 15 
said ground plane has a total included angle of 
approximately 90°. 

4. A helical aerial according to Claim 2 or 
3 wherein the aperture of said ground plane is 
approximately A or greater where X is the free 20 
space wavelength at a predetermined frequency 

to be radiated or received. 

5. A helical aerial substantially as herein 
described with reference to the drawings. 


A. B, LOGAN, 
Chartered Patent Agent 


PROVISIONAL SPECIFICATION 
Improvements in or relating to Aerials 


IS We, Electric & Musical Industries 
Limited, a British company, of Blyth Road, 
Hayes, Middlesex, do hereby declare this 
invention to be described in the following 


statement: — 
30 This invention rdates to aerials and it relates 
in particular to helical aerials, which are speci- 
ally suitable for die radiation or reception of 
microwave electro-magnetic energy. 
It has previously been proposed to provide 
35 an aerial for radiating or receiving microwave 
energy comprising a conductor wound in die 
form of a helix and associated with a flat 
ground plane. With a helix of given dimen- 
sions the mode of operation and radiation pat- 
40 terns vary with frequency and several distinct 
modes of operation of the helical aerial are 
possible. The helical aerial has die advan- 
tage of being able to radiate or receive energy 
in a wide band of frequencies, and moreover 
it is of simple construction. However, for 
certain applications, the amplitude of side lobes 
in the radiation pattern is excessive, and one 
aspect of the present invention is to reduce the 
amplitude of side lobes. 

According to this aspect of the present 
invention there is provided a helical aerial 
which has a ground plane in the general form 
of a cone or conical shape about the aerial. 
Preferably, die cone has a total included 
55 angle of approximately 90°, is coaxial with the 
longitudinal axis of the aerial and has an aper- 
ture of approximately 1.0A, where X is the free 
space wavelength of die centre frequency to 
be radiated or received. 
60 Another problem encountered in the con- 
struction of helical aerials is that of providing 
a support for the helix in order to secure its 
mechanical rigidity under conditions of vibra- 
tion. The helical aerial can be supported in 
65 a dielectric framework with little or no effect 
upon the radiation patterns provided the fre- 
quency is low, because the supports may be 
made much smaller than the operating wave- 
length. However, the Applicants have dis- 
70 covered that when the aerial has to operate at 
microwave frequencies the supporting device 
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has dimensions which are not negligible when 
compared with the operating wavelength and 
deterioration of the radiation patterns occur. 

The object of another aspect of the present 75 
invention is to reduce the difficulties afore- 
said. 

According to this other aspect of the pre- 
sent invention there is provided a helical 
aerial m which die helix is enclosed in dielec- 80 
trie material and the linear dimensions of the 
helix jre reduced approximately by a factor 
of */k compared with the dimensions which 
the helix would have if located in free space, 
where k is the dielectric constant of the sup- 85 
porting dielectric material. 

In order that the invention may be clearly 
understood and readily carried into effect, the 
invention will be described with reference te 
the accompanying drawings, in which: — 90 

Figure 1 illustrates one form of a helical 
aerial in accordance with die present inven- 
tion* 

Figure 2 illustrates another form of a helical 
aerial in accordance with die present invention, 95 

Figure 3 illustrates diagrammatically a modi* 
fication of Figure 2 designed for operation at 
very high frequencies. 

Referring to the drawing, Figure 1 shows a 100 
helical aerial constnicfeed in accordance with 
the first aspect of die present invention, the 
aerial being designed to radiate in the first 
axial mode in a frequency band centred at, say, 
4000 Mc/s. The aenal comprises a metal 105 
helix 1 which has, say, four turns and is dock- 
wise wound. The right-hand end of the 
helix, as shown in die drawing, is connected to 
die inner conductor 2 of a coaxial feeder for 
feeding the energy to be radiated or received 110 
by the aerial. The outer conductor of the 
coaxial feeder, a fragment of which is shown 
at 3 in the drawing, is connected to a metal 
cone 4 which is coaxial with the helix 1 and 
serves as the ground plane of the aerial. The 115 
helix has a pitch of about 0.72 inches and an 
external diameter of about 0.93 inches. The 
cone 4 has an angle of 90° and an aperture of 
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about 1.0A where A is the wavelength in free 
space at the aforesaid centre frequency Tfc 
i™* 0 ?"** of the cone werVTeXmined 
S Tf^ 7 , 1 ? obtain the maximum iSS 

rams. If an aerial such as that shown in 
Figure 1 is used for transmission, the S 
* propagated largely along t£ ^ s of d£ 
10 1^ wave and Z 

™JTjJ%& a 00 »« helix is 

wound clockwise or counter clockwise. 

Figure 2 of the drawing shc^TSodifica- 

?Si • I^!?!! 8 shown don «i « Figure 

? 5 - . The effect of enclosing the helir 
in dielectric tends to cause the aerial to S 
30 ^ rf *«" ^"""eristics cffpoty^ 
S^" 8 of the dielectric Serial 
acting as a guide for the electrical radiation 
S'^,, Jhe phase vdStyrfC 
pagaoon along the dielectric and also the ratio 
of power guided inside to that gSdmitsMe 
wTTT **" mou nt diS^ve! 
sS^V^ 00 and the dielectric con- 
SSSL • *5 ^ftnc material of which the 
m«mt ,snude. It may be shown thaitf the 
diameter of _the mount is of the ordc7 0 f half 
SiSkW »e phase velocitV to^S 
mount is nearly the same as in an unbounded 
medium of the dielectric. Cm thfctSK 
ensure that substantially the sameThaseTela! 
nonslup prevails for tbl aerialT/^Se it 
for the aerial of Figure I operating in free 

ttec^ged radium. In accordance with the 
invention mis is done by reducing the dimen- 
sions of the helk 1 in the ratio of Sf : 1. For 
?** which the dielectric material " 

hS^'J?"' -T^ 68 the pitch of th? 
helm be reduced to about 0.48 incheTand its 
<hameter to about 0.62 inches ^« me 


I 
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helix dunensions are modified in this way the 

SS 8trated m 2 was Cd toC „ 
gdjaaon patterns similar to that shown £ 55 

Figure 3 illustrates a further form of the 

oon, designed for operation in the X band <w 

fes° ° f 1,16 otd « * "»» " 

mc / 1 .The aerial is essentially of the «m- > 

construction as shown m Fig^ Virf coSS | 

ponding parrs arc denoted by the ZereS I 

olSL £f COncct ratio to suhme higher I 

^T"?* The helk has acW 
J* """J ^ » clockwise wound. The dS- 

t ±C n ^ " about 0.29 mcbel d£ 
pitch about 0.22 inches and me thidmeU "5 m 
of the helk aboufSi? hSeT t£ 5 
diameter of the polythene core k about 025 * 
inches, the polytheri sleeve has a tnSss of ^ 

ateutTS, ^-rfi? hn «* of 25 fa * 
auout I inch. The aperture diameter of the 7< 
coneis about 1.32 ukST The^S^ 75 
shown in Figure 3 is, however, modified ™ 
compared with Figures 1 and 2 aslSfth^ 
lead-in to the helk through the ame The 
StSK^ 'g 6 *^ on a lengTof wa^ M 
fndof hS ■ Pr ° bc °, Fojects from the inner 
end of the helix into the guide through a nolv- 

therK P lug8attl 1 eai«o^c^TAmov: 
able piston 10 is located at one end of Se 

SA tL 0rdc L t0 , fadli tate impedaS match! 85 
^f;i the iP ro . be from mc helk taTtie guide. 
^ "mention has been described £ 
applied to aerials operating at frequmdes 3 
f'"^ of 4000 M*c/s ugSi Si 
accordance : with the invention nay also £ 90 
the transmission and reception of 
^ soun i Ptogrammes at high fre- 
quencies. For such use, the aerials ban the 

of the order of 25 per cent the centre T hZ <k , 

™hS The aerial can also receive signals 
J ted „ m,h horizontal or vertical polK 
Er£ 1 Mo « owr » the transmission of drcu- 
^tt^^T f ? T broadcas t purSSs 100 
can. be obtained by using four helical aerials 

F. W. CACKETTj 
Chartered Patent Agent. 
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